time. Muscle weakness due to inactivity and disturbed muscle control are usually accompanied by balance problems, disturbances in proprioception, contractures in joints, cognitive dysfunctions, aphasia, emotional lability, and so on.' In such patients, the relearning of gait is very dificult and long-lasting. The patient must learn to stand and perform independent straight standing, shifting weight from one leg to another and maintaining balance. K'e believe muscles must be strengthened by physical exercises or functional electrical stimulation. At the same time, the patient must regain confidence in the ability to use the affected sicle. In many cases, synergistic movement patterns develop (flexor or extensor), which additionally disturb coordinated m~vement.~ The transition from standing to coordinated ambulation, therefore, represents quite an effort for the patient as well as for the therapist.
Soon after the introduction of singlechannel functional electrical stimulators for drop-foot prevention,S5 researchers showed a tendency to selectively stimulate the muscles for dorsdlexion of the foot as well as the other main muscle groups in a paralyzed leg.6--10 Vodovnik et a16 suggested using a six-channel stimulator for the stimulation of six antagonistic muscles of the affected limb during gait. ThL? started a period of development of dderent multichannel stimulators and study of control principles, stimulation sequences, correction of gait anomalies, and therapeutic effects of multichannel functional electrical stimulation (MFES).'-l3 Recent kinesiological studies and clinical assessments showed that surface MFES of the six main muscle groups of the affected limb can modlfy pathologic gait, accelerate rehabilitation, and enhance the endurance of the patient.14-l6 Despite the good results, surface MFES is not routinely used as an orthotic aid because numerous electrodes need to be positioned and patients find this difFicult. Therapeutic use of MFES produced effects that were quite substantial during i.herapy and that tended to fade away 6 to 12 months after therapy.I"l5 The status of the patients, however, was not noticeably better than that of subjects in a nonstimulated control group.l4z15 These are probably the reasons why there are currently no repoits on the routine use of MFES in rehabilitation of gait in patients with hemiplegia. Marsolais et all7 reported the use of MFES for gait in patients with hemiplegia. These researchers, however, are working on the development and application of implantable systems designed not for therapy, but for orthotic use. The same group also reported beneficial results in a single-case follow-up of therapeutic application of MFES with intramuscular electrodes. 18 Patients treated in previously reported studies were ambulatory patients, where the main reason for MFES application was to correct gait deviations.12-'5 The rapid and good correction of gait anomalies in those patients raised the question of whether MFES could be used to initiate the gait pattern in patients with severe hemiplegia. A pilot study was therefore carried out. 16 The pilot study showed that MFES can help to establish an initial gait pattern and improve weight bearing in nonambulatory patients. The pilot study, however, also showed there was no comparison with existing therapeutic programs.
The purpose of our study was to show the value of MFES added to conventional therapy in the rehabilitation of gait in patients with severe hemiplegia compared with the use of generally accepted methods and techniques of rehabilitation alone.
Method

Experimental Design
Each subject participated for half the time in the experimental procedure and for half the time in a control procedure. To avoid a problem of the bias produced by sequencing procedures, the patients who participated in the study were randomly assigned to two groups with reversed sequences of therapies. This design provides a method for controlling individual dderences among subjects. A relatively more complex statistical analysis, however, is required to obtain valid results with such a design. ' 9 Each subject was monitored following the same methods through the period of 6 weeks, participating for 3 weeks in each therapeutic program.
Twenty patients with severe hemiplegia due to cerebrovascular accident (WA) participated in the study. They were randomly assigned to one of two groups, with 10 subjects in each group. One group started with conventional therapy and continued with MFES therapy, and the other group had the reversed sequence of therapies. To guarantee a random assignment of the subjects, the following method was used. The physician and therapist who were responsible for patient selection never knew into which group the next subject would be assigned. An engineer, however, who also participated in the program randomly assigned each subject to one of the groups before the patient selection and before he had any information about the possible candidates.
Candidates were selected on the basis of neurological, internist, physiatric, and psychological examinations. Subjects were included in our study on the basis of the following indications and contraindications:
1. The cardiovascular system of the patient had to be in such condition that exertion during therapy or measurement would not represent any hazard to the patient's health.
Candidates with suspected or confirmed cardiovascular infarction or with a demand pacemaker were excluded.
2. The physical status and motor functions, especially of the lower extremities of the patient, had to be in such condition that the patient could stand independently or with the aid of a therapist. Only patients who required substantial weightbearing support of one or two therapists (ie, the therapist actually supported part of the patient's body weight) to ambulate were included.
3. The patient's perceptual and intellectual abilities had to be presewed.
4. Sufficient functional response (as determined by testing the patient's response to functional electrical stimulation in a seated or prone position of each designated muscle separately) or at least muscle contraction with indicated movement in the corresponding joint should be obtained by functional electrical stimulation.
5. Patients with extreme reflex activities (eg, massive reflex activities triggered by a very low stimulus, especially when triggered in the opposite direction to the desired direction), hypersensitivity, pains, lower motor neuron lesions, or changes to the skin in the area of stimulation and in bone-joint structures (eg, contractures, deformations) and patients who refused application of functional electrical stimulation were excluded.
6. Each patient who passed the described conditions was included in the study only on the basis of his or her informed consent to participate.
7. In the event a patient participated in the study and there arose a suspicion or possibility that continued therapy could endanger the patient's health, the program would be interrupted immediately and would be continued only after thorough examination of the patient and with the permission of the physician.
The subjects in group 1 (five male, five female) started with conventional therapy and continued with MFES.
The two left-hemiplegic and eight right-hemiplegic subjects in this group ranged in age from 38 to 73 years (X=53,4, SD=11.5) and in time between CVA and start of therapy from 53 to 273 days (X=116, SD=66). The subjects in group 2 (six male, four female) started with MFES and contin- showed no difference between the groups for the variables of age and time between CVA and start of therapy. Table 1 shows some basic data about the subjects. In all subjects, the pre-CVA side of dominance was the right side.
Conventional Therapy
Generally, the complete rehabilitation program for a person with hemiplegia in our facility lasts from 2 to 3 months, with the patient participating in the physical therapy program for 1 to 2 hours per day. In addition to physical therapy, patients also receive medical treatment, occupational therapy, speech therapy, sessions with a psychologist, sessions with a social worker, and a cultural program. Each of these modalities was usually applied separately. For some subjects, however, a combination of niodalities was used (eg, application of heating for improved elbow mobility and application of icing to the biceps brachii and triceps brachii muscles for reduction of reflex activity).
The emphasis was on active methods with the purpose of normalizing posture and facilitating activities to achieve furictional movement (Bobath techt-iq~e,~O-~l proprioceptive neuromuscular f a c i l i t a t i~n ,~~~~-~~ biofeedback exercises23). The decision of which therapeutic approach or combination of approaches was to be used was made by each subject's therapist according to the therapist's professional training, personal preferences, and experience and status of the subject. For all subjects, different kinds of visual and audiovisual biofeedback devices (from mirrors to electromyographic biofeedback) were used. When the subject reached conditions for gait (ie, able to support most of his or her weight, maintain balance with some support, perform stepping, and so forth), he or she started gait training using a passive ankle-foot orthosis or knee-ankle-foot orthosis.
The therapy program was conducted at the Institute of the Republic of Slovenia for Rehabilitation in Ljubljana, Slovenia. All of the participating subjects were hospitalized in the center for at least the duration of our program (approximately 6 weeks).
Multichannel Functional Electrical Stimulation Therapy
Surface electrical stimulation was applied on the peroneal nerve for ankle dorsiflexion, the soleus muscle for ankle plantar flexion, the hamstring muscles (biceps femoris, sernitendinosus, semirnembranosus) for knee flexion, the quadriceps femoris musculature (rectus femoris, vastus medialis, vastus lateralis) for knee extension, the gluteus maximus muscle for hip extension and stabilization of the pelvis during stance, and optionally the triceps brachii muscle for reciprocal arm swing during the swing phase of gait for the ipsilateral leg. The stimulation sites were determined with cyclic stimulation before commencing the therapy. The same stimulator, of our own design, was used to determine the stimulation sites and to perform the MFES therapy. For gait, the stimulation sequences (described in the "Instrumentation" section) are triggered according to the signals from the footswitches. Optionally, the stimulation sequences can be triggered by an internal timer. The rate of the timer can be selected in a range of 1 to 5 seconds' duration for the stimulation sequence of the whole stride cycle. A repeated stimulation pattern of a 3-second stimulation train followed by a 1-second pause was usually used for stimulation site selection.
With the subject in a seated or prone position, one pair of electrodes (described in the "Instrumentation" section) were shifted along each muscle or muscle group selected for stirnulation until an optimal response was obtained. When determined, the sites were marked on the skin with nonconductive, semipermanent ink. Amplitudes were raised until the functional response was satisfactory, or up to the level at which the subject still felt comfortable with the sensation if the functional response was unsatisfactory. A satisfactory functional response can be defined as actual movement in the joint performed by the stimulated muscle during functional electrical stimulation without any volitional movement performed by the patient (eg, functional electrical stimulation of the hamstring muscle should result in knee flexion in the range of 0"-70"). Stimulation was applied if increased muscle activity was assessed in the elbow flexors (eg, the subject relaxed the impaired arm and the arm remained in a position of 9" of elbow flexion, or the subject attempted passive extension of the arm and resistance could be felt). Stimulation was applied to the triceps brachii muscle during the swing phase of the ipsilateral leg to induce arm movement coordinated with gait (arm swing in the direction of elbow extension during the swing phase of the ipsilateral leg) to relieve the muscle activity, to prevent muscle subluxation,24 and to break associated reactions.
The following day, when commencing gait, the amplitudes of the stimulating pulses were set to about 80% of the previously determined value because muscle response on functional electrical stimulation in a standing position is different than in a seated or lying position. We believe excessive stimulation on all channels could disturb the patient instead of providing assisPhysical Therapy / Volume 75, Number U tance. All of the subjects started gait using a crutch on the nonaffected side. The order of switching channels on was difFerent from subject to subject. The deficits in gait were the basis for the order. Each subject's first steps were begun with the stimulation of the peroneal nerve, and after several steps other channels were one after another gradually switched on. This was done for a period of approximately 10 steps. This procedure was performed only in the first two or three therapy sessions. Later, the subject started gait with all channels on immediately.
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The therapist accompanying the subject, supporting him or her on the affected side, induced weight shfing from one leg to the other (by holding the subject's pelvis and shifting the pelvis laterally in the direction of the loaded leg), helped the subject perform a step by rotating the subject's pelvis, and provided some other essential instructions. In subjects with disturbances in coordination, another therapist assisted each subject in shifting and loading the crutch. Gradually, according to the progress of the particular subject, crutch assistance was reduced and gait support diminished. The MFES therapy session generally lasted from 30 minutes to 1 hour, including the application of electrodes.
Gluteus Maximus Muscle Triceps Brachii Muscle
In MFES therapy, the same therapist worked with all subjects. In all MFES sessions, an engineer was also present to operate the stimulator according to the instructions of the therapist, because the therapist was engaged in guiding and supporting the patient and could not handle the stimulator as well. The engineer adjusted the amplitudes and stimulating sequences, checked the correct operation of the stimulator, and was also needed in the event technical problems occurred.
-m
An individualized stimulation sequence was determined for each subject, starting with a general initial pattern ( Fig. 1 ) and modlfying it during the first couple of stimulation sessions.
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Modification of a stimulation sequence consisted of prolonging, shortening, and shlfting the stimulation cycle with regard to the foot-on and foot-off events of the gait cycle. A trial-anderror approach based on previous experience was used for the correction of stimulation sequences until an optimum correction of anomalies was achieved. This optimum correction was usually achieved during the first two or three sessions. The stimulation sequence was, in some cases, modified once more during the therapy if the subject developed some new gait anomaly (eg, knee hyperextension). In subjects with extensor synergy, more attention was paid to the stimulation of selected flexor muscles. Selected extensor muscles were stimulated with lower intensities so that reflex activities were not triggered. Similarly, we acted in the case of flexor synergy, where the extensors were stimulated to enable the subject's own extremities to bear the weight and make a step. The flexors were stimulated with a lower intensity. For hyperextension of the knee, knee flexors were stimulated during the second half of the stance phase and oral instruction was used to teach the subject to control his or her knee. For insufficient extension of the knee at the end of the swing phase, the quadriceps femoris muscle was stimulated.
During the MFES therapy period, the "conventional" gait therapy was replaced by MFES-assisted gait training. In our study, all subjects continued to attend their other prescribed programs. The MFES group, therefore, reflects the effects of MFES superimposed on a traditional method. Each subject participated in one therapy session per day (MFES or conventional therapy), five times a week. No therapy sessions were conducted on Saturdays and Sundays so that the subject could rest and go home for the weekend.
The subjects walked on a 100-m walkway. At the beginning of MFES therapy, the subjects walked a short distance, walking again after a rest period. The initial distance depended on the subject's ability to avoid over- exertion, or it was determined by the subject's physician. During the course of treatment, the distance was gradually increased. The subjects, however, were instructed not to ambulate more than 600 m per session because they had to save some strength to participate in other rehabilitation programs. The distances that each subject walked on the first and on the last day of MFES treatment are shown in Table 1 .
lnstmmentation
The stimulator used in MFES therapy in this study contained six independent, galvanically separated channels (ie, no cross talk between channels) with intermittent rectangular monophasic stimulation pulses.*9 The selected stimulating sequence on each channel was triggered by a left or right footswitch of our own design. Each footswitch consisted of three switches connected in parallel, mounted into an insole, and positioned one under the heel, one under the head of the first metatarsal, and one under the head of the fifth metatarsal. stance phase and 8 for the swing phase (Fig. 2) . Each switch represented one eighth of the stance or swing phase. When the switch was on, stimulation occurred during the corresponding time interval of the stride phase. The durations of stimulation sequences were automatically adjusted to the walking rate of the subject by a microprocessor incorporated into the stimulator, permitting a stride time of up to 7 seconds. The durations of the stance and swing phases for both legs separately were extrapolated according to the durations of the last four phases, which were measured according to the signals from the footswitches.
We used 5x9-cm self-adhesive Pals Flex electrodes' or 5x8-cm felt pad electrodes of our own design for the stimulation of larger muscles (ie, quadriceps femoris, hamstring, gluteus maximus) and 5x5-cm electrodes for smaller muscles (ie, soleus, triceps brachii). We used 2.5-cm gauze button electrodes of our own design for peroneal nerve stimulation. The felt pad and button electrodes are soaked with tap water and fixed in position with elastic bandage. The felt pad electrodes, which were used in the first five subjects, were later replaced by self-adhesive electrodes, which enabled faster and simpler application. One pair of electrodes per channel were applied to the designated muscle or muscle group.
The stride analyzer, which is an integral part of the stimulator, enabled us to record the following gait measurements during stimulation without any additional equipment: number of strides, mean stride time, temporal symmetry, and mean stance times with their standard deviations for both legs. The temporal symmetry of gait was calculated as the ratio of the stance time of the left leg to the stance time of the right leg. All these gait measurements were derived and calculated from the signals from both footswitches. The data were displayed on the stimulator by pressing the corresponding push buttons after each session. The total walking distance was measured during each session, Physical Therapy / Volume 75, Number 6 /June 1995 lowing measured variables: mean gait speed, mean stride length, mean gait which enabled us to calculate mean stride length (total distance by number of strides) and mean gait speed (mean stride length by mean stride time). These variables gave the therapist some information about performance that was used to optimize the stimulation sequences. These data were used for instant monitoring of the course of therapy and are not presented in this report.
At the beginning, middle, and end of the therapy period, the patient's gait was measured by a ground reaction measuring system. The general physical status of the patient was also evaluated according to the Fugl-Meyer evaluation. The ground reaction force measuring system enables us to measure the resultant vertical ground reaction force and the trajectory of center of pressure (TCP) under each foot through the stance phase.26 The measuring system included five sizes of leather shoes with nine force transducers inlaid in each sole. The shoes were connected by cable through amplifiers to a PC-AT computer for data acquisition and off-line processing. One or two force-measuring crutches could optionally be connected to the same system. Stride length and speed were measured by a potentiometer with a wheel attachment and a fishing line attached to the The sampling frequency was 50 Hz. No filtering of raw data was performed. Measurements were taken with the subject wallung on a 20-m walkway. Usually three runs were necessary to get a total of at least 30 regular strides. All of the measuring equipment has an accuracy of better than 5% (maximum error).
The measurements described are mostly aimed at measuring kinetic and lunematic variables during gait, but they tell little about the functional status of the patient. We therefore decided that an evaluation of each subject's physical performance should be made. We selected a Fugl-Meyer evaluation system28 that is designed to evaluate motor function, balance, several sensation qualities, and joint function in patients with hemiplegia. The test was performed by all subjects and administered by the same therapist (NG). This test results in a cumulative numeric score (range=O-226 points), where a higher value represents better performance. The test evaluates the affected side and is divided into several parts: upper extremity, lower extremity, balance, sensation, and passive range of motion and pain. There are few ddferent tests described in literature.3-3l The FuglMeyer test was chosen because the test is designed for the evaluation of patients with hemiplegia and there are many reports on the use of this te~t.~~-3*
Statistical Procedures
The effects of the compared therapies were evaluated according to the folcadence, Fugl-Meyer test, and TCP. Each subject was measured at the beginning of therapy, at the middle of therapy when the treatment methods were alternated, and at the end of therapy. According to the selected experimental model, a multivariate analysis of variance (MANOVA) of results was performed on the first four variables.35 Three factors were evaluated in the design: order of treatment ( c o n v e n t i o n a~~~~~, MFES/conventional), side of impairment (left, right), and performance of the subject (first, second, third). These factors led to a 2x 2x3 MANOVA, with the first two factors being between-subjects factors and the last factor being a withinsubjects (repeated-measures) factor. The performance of the subject was determined by a set of four measures: gait speed, stride length, gait cadence, and Fugl-Meyer score. The results of Wilk's multivariate tests of significance involving the performance withinsubjects effect for the main effect of performance, for the order of treatment X performance interaction, and for the order of treatmentxside of impairment X performance interaction are presented. The results of the test for side of impairment X performance interaction are not presented, because this interaction gives no meaningful information concerning the particular experiment.
Because the time-distance variables of gait are dependent on the height of the subject, all the data were normalized according to the leg length, which was defined as the distance from the greater trochanter to the floor while the subject was standing straight and barefoot. Use of normalized and raw data, however, showed no dilference in the results. The results of the analyses of the nonnormalized data, therefore, will be presented.
The analysis of the TCP data was performed in such a way that TCPs were classhed in ddferent ranks according to the following criteria. An area on the sole (shaded) presented in Figure 3 was denoted as the area of normal patterns of TCP. This area was Physical The rapy / Volume 75, Number 6 /June 1995 determined by averaging TCPs of 20 asymptomatic subjects, also taking into account 2 1 standard deviation. The area of the sole was divided longitudinally into three regions (heel [HI, middle [MI, and toes [TI ) and transversally into a central area, a lateral area (I), and a medial area (m). For each subject, the pattern of TCP was described by a temporal sequence of the areas that were crossed by TCP from the beginning to the end of the stance phase for both feet. A target sequence would be HMT, which means that the subject makes foot contact with the heel, shifts his or her weight over the midsole, and performs push-off with the toes. If TCP falls into one of these regions out of the "normal" area, it is assigned index 1 or m.
If TCP deviates to the border of the sole (b), index b is added to indexes 1 and m. The trajectory described by M,,T,, for example, means that foot contact was made by the medial border of the midsole and then the weight was shlfted forward to push-off with the lateral part of the toes. The patterns in all subjects were classified according to this method in both feet for all three measurements. All of the existing patterns were classkied in 18 ddferent ranks according to their quality. The classification is presented in Table 2 . The target pattern (HMn was assigned mnk 0, and the worst pattern (MIMI, in which TCP lasts during the whole stance phase in the lateral part of midsole) was assigned rank 17. Figure 4 shows an example of TCPs for one subject.
Each subject was assigned a rank that was the sum of ranks for the affected and nonatiected sides. It was necessary to include the nonimpaired side because the gait anomalies from the affected side are often reflected on both sides. Because the nonparametric statistical methods available in the literature do not support the experimental model with repeated measurements, the less sensitive Friedman's analysis of variance (ANOVA) by ranks was used for the comparison of the r e s~l t s .~ Repeated measurements were evaluated as two independent measurements. Friedman's ANOVA was performed twice. In the first ANOVA, four different therapies were compared. The therapy applied first (in the first group) was considered different from the therapy applied second (in the second group), and vice versa. The difference in ranks between the beginning and end of a particular therapy was considered as its effect. In the second ANOVA, the effects of MFES and conventional therapy were compared, disregarding the period of application. The PC SPSS for Windows (Release 6.0) statistical programt was used for evaluating the results.
+SPSS 1ntern:itional BV, P O Box 115, 4200 AC Go physical Therapy / Volume 75, Number rinchem, the Netherlands. Table 3 shows mean measured variables for each subject before treatment and following each treatment. Table 4 shows the results of the MANOVA for four measures (gait speed, stride length, gait cadence, and Fugl-Meyer test score) represented as performance. There was a significant main effect for performance (P= ,013). The MANOVA also revealed a sighcant interaction between order of treatment and performance (F.013). Mean values of all individual measures that compose performance showed that during the therapy applied first, the mean improvement was greater compared with the improvement in the therapy applied second. The mean improvements during therapy with MFES added were greater compared with the mean improvements made during conventional therapy alone. These results show that MFES combined with traditional therapy is more successful than conventional therapy alone. In an experiment such as this, with a relatively small number of subjects, there is the possibility that a distribution of subjects may bias one of the tested methods. In the experiment described, that happened for the distribution of subjects according to their side of affection. This variable was not controlled by the protocol for assigning subjects to dfierent groups. One group had nine subjects with left hemiplegia and one subject with right hemiplegia, and the other group had two subjects with left hemiplegia and eight subjects with right hemiplegia. To determine whether the affected side influenced the outcome of therapy, side of impairment was included as a factor in the MANOVA. No effect could be shown for the order of treatment x side of impairment x performance interaction (P>.l). The side affected did not appear to play a role in the outcome of the study.
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Because the Fugl-Meyer test is designed to evaluate the physical status of the patient, we were also interested in determining whether this test could be replaced by the measurement of mean stride time, mean stride length, or mean gait speed. We therefore calculated the correlation coefficients (Pearson r) between the gait variables (mean stride time, mean stride length, mean gait speed) and the Fugl-Meyer test score (Tab. 5). A relatively poor correlation could be found between the Fugl-Meyer score and the gait variables. Thls findmg means that although these measures all showed the same general result, a single gait variable (eg, gait speed) cannot be used for representation of a patient's general status. We were also interested in whether the measured variables were correlated with the age of the subjects and with the time elapsed between the onset of CVA and the beginning of our program ( T , ) . As shown in Table 6 , there was almost no correlation between those variables. Most coefficients were negative, which means better improvement at lower ages and at lower T,, but the correlations were very poor. Other authors3Q37~~ have found a high correlation of improvement during rehabilitation with age and T,. Our results may differ from previous findings because our study group was relatively small and was not a representative sample of the whole population of persons with hemiplegia.
A correlation coefficient between the initial Fugl-Meyer score and improvement of the score during the whole 6 weeks of the program was calculated. This correlation coefficient ( F . 29) shows that the two variables were not related very strongly.
Our subjects had severe hemiplegia; therefore, there was the possibility that certain factors influenced the results more than age or T,. The question also arises of why the effect of therapy during the first period was greater than later on but the effectiveness of therapy was not correlated with T , .
From the time from onset of their CVAs to the beginning of therapy, the subjects did not receive any gait therapy, and this factor could influence the measured variables. We also contend that in our sample of subjects, the effects of "spontaneous rehabilitation of gait" were considerably lower than the effect of either therapeutic method. Further evidence of the balance of groups can be obtained by the use of a t test between the groups for the Fugl-Meyer score at the beginning of therapy. No difference could be found between these groups (P>. 15). At the switch over of therapies, there was a difference between groups (P<.05). We believe this finding corroborates the MANOVA results. The result of the same test for the FuglMeyer score at the end of the second treatment period showed no difference between the groups. We interpreted thls finding as evidence that the common result of both therapeutic methods was not different between the groups with respect to the different sequence of therapies.
Gait dynamics were estimated by measuring the vertical components of ground reaction force and the TCP under the soles of the measuring shoes. These variables reflect gait stability.26 In Figure 4 , an example of the average vertical ground reaction force for both feet and for the crutch (top diagram) and TCP for both feet (middle and bottom diagrams) is presented for subject 16 for all three measurements. A Friedman's ANOVA for the TCPs yielded a chi-square value of 8.94, which means that the therapies resulted in differences of outcome at a confidence level of P=.03. The average ranks of therapies show that MFES combined with traditional therapy in the first period was more effective than either MFES combined with traditional therapy in the second period or conventional therapy alone during the first and second periods. In the second case, the effects of MFES and conventional therapy were compared disregarding the period of application. We obtained a chi-square value of 7.2, which means that the therapies are different at a confidence level of P= .007. These findings indicate that MFES and traditional therapy combined is more successful than conventional therapy alone. 
-
Discussion
Studies of MFES began before the 1 9 7 0~,~ and, if we do not take into account the development of dfierent multichannel stimulators and studies of control principles, the first clinical results were published in the 1980~.~~J5739 Although these studies showed a very good correction of gait anomalies, no long-term therapeutic effects were proven. The subjects in these studies were patients who were ambulatory. A good correction of gait was achieved, but after electrical stirnulation was abandoned, the gait pattern deteriorated because the subjects developed or restored different pathological patterns (eg, knee hyperextension, circumduction in the hip). In our study, MFES was used for initiation of the gait pattern in patients with severe hemiplegia who were not ambulatory. Conventional physical therapy methods use different kinds of exercises to prepare the patient to bridge the gap between standing and gait. In our study, by using MFES combined with traditional therapy, we enabled the subjects to start gait training without any special pretraining right at the beginning of therapy. cases, such gait would not be possito achieve the same state as they would with conventional therapy alone (ie, rehabilitation time is shorter and patients return to their normal environment sooner).
According to previous experience,l"39 MFES therapy should last from 2 to 4 weeks, depending on the particular patient. Limited by the experimental model, the duration of therapy had to be fixed to 3 weeks. Due to its complexity in normal practice, we believe MFES therapy should be used only as long as the patient improves. In our opinion, when a patient starts to plateau, simpler methods and aids should be used instead.
We contend that MFES therapy should be regarded as an autonomous therapeutic method, and it should form only a part of a rehabilitation program. In our study, we felt that excluding ~atients from routine thera~v because Because all measured variables were related to gait or the lower extremities, the assessment of physical status of each subject according to the FuglMeyer scale was added. The poor correlation coefficients calculated between the changes in the Fugl-Meyer score and changes in stride time, stride length, and gait speed indicate that an improvement in gait speed does not necessarily mean an improvement in total physical performance. A1 these variables, however, showed a ditference according to the therapy applied.
-When we are looking for an explana- In the most severe cases, another person had to carry the stimulator behind the subject. The daily application of electrodes is sometimes complicated and time consuming. The staff involved in the application of MFES need to be highly trained and experienced. These limitations are more or less related to technology and may be considerably reduced in the future by using high technology and a userfriendly stimulator design.
Conclusion
This study presented an aggressive approach to gait relearning in patients with severe herniplegia by means of apy. Multichannel electrical stimulation for correcit serves only as a supplement to all therapeutic methods currently used in everyday practice. The target population comprised patients with severe hemiplegia who were unable to walk independently or with an attendant. The method described should help those patients to progress faster and easier through the period from getting out of bed to independence in gait or the point at which they can continue rehabilitation of gait using simpler functional electrical stimulation devices or various passive orthoses.
